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Abstract 
We demonstrate a pump-controlled wavelength switchable Yb-doped fiber laser 
(YDFL) by nonlinear polarization rotation (NPR) for the first time. The polarizer 
replaced by a 45° tilted fiber grating (45°-TFG) combines with a section of polarization 
maintaining fiber (PMF) to form a fiber-based birefringent filter. Stable dissipative 
soliton (DS) with center wavelength of 1068.39 nm is generated under the mode-locked 
threshold of 277 mW. The operating wavelength switching between 1046.51 nm and 
1067.90 nm can be realized via increasing the pump power simply while keeping the 
polarization controllers (PCs) in a fixed state. The laser maintains stable mode-locking 
operation at each wavelength, which can be regarded as a type of multi-wavelength 
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1. Introduction 
Recently, due to the urgent requirements in photonic signal processing, biomedical 
detection and wavelength division multiplexed system [1], more and more researchers 
are investing their interest in the topic of wavelength switchable ultrafast fiber lasers. 
Especially in the field of biomedicine, the high pulse energy is an indispensable 
indicator of wavelength switchable fiber lasers. As we know, Yb-doped fiber lasers 
(YDFL) have been proved to be ideal candidates in competition with high power solid-
state lasers [2]. The broad gain bandwidth and large gain saturation power [3] make 
YDFL less susceptible to gain limitation. In addition, since the normal dispersion of 
single-mode fiber (Corning HI1060) as well as fiber-based components in the working 
waveband of 1 μm [4], the YDFL generally operating in all-normal-dispersion (ANDi) 
region, which leads to the generation of dissipative soliton (DS) normally [5]. 
Fortunately, DS exhibits higher pulse energy compared with other types of soliton 
particularly the conventional soliton (CS).  
Due to the demand for strong spectral filtering effects [6], the optical filters 
including Mach-Zehnder interferometer (MZI) [7-9], Fabry-Perot interferometer (FPI) 
[9-10], chirped fiber gratings [11], Sagnac loop filter [12-13] and fiber-based 
birefringent filter [14], have become the priority for the achievement of wavelength 









appreciable in wavelength switchable lasers due to its simple structure and flexibility 
without adding complexity to the laser cavity. Since the comb filtering of such filter 
is highly correlated with the polarization orientation in the cavity, most wavelength 
switchable lasers are realized by tuning the intracavity polarization controllers (PCs) 
[15]. In 2013, dual-wavelength switchable and tunable DS operation was 
demonstrated in YDFL by adjusting the polarization orientation [16]. Xu et al. 
reported a wavelength switchable DS YDFL through the rotation of PCs [17]. 
However, it contains strong randomness and unpredictability during the adjustment of 
the PCs, which can not achieve precise control of wavelength switching. It is quite 
desirable to improve the switchable controllability by finding a method to replace the 
polarization state adjustment and achieve wavelength switching, for example, the 
pump power [18-20]. A switchable ANDi YDFL was realized by increasing the pump 
power [21]. Comprising of several bulk components in this laser undoubtedly 
weakened the advantages of the compact structure of fiber laser. Li et al. 
experimentally demonstrated a wavelength switchable DS mode-locked YDFL by 
integrating weak birefringent filter and single-walled carbon nanotube (SWCNT) by 
solely increasing the pump power [22]. However, the weak birefringent filter is 
generally introduced by a long bending fiber, and the low thermal damage threshold 
of SWCNT becomes the main barrier to high power operation. Alternatively, due to 
the strong birefringence in polarization maintaining fiber (PMF), the long bending 
fiber can be replaced by a short section of PMF, while keeping the filter at a designated 








large modulation depth, high thermal damage threshold and simple structure, which 
greatly improves the average power of the laser output compared to materials-based 
saturable absorbers [24-25]. Meanwhile, NPR structure comes with a polarizer, only 
a section of PMF needs to be added to the laser to form a birefringent filter, which 
undoubtedly simplifies the structure of the laser cavity. 
Here a pump-controlled wavelength switchable mode-locked YDFL incorporating 
a birefringent filter based on a 45° tilted fiber grating (45°-TFG) is proposed and 
demonstrated. Although it has been reported that 45°-TFG is used in YDFL [26], it is 
still meaningful to discover new features of these 45°-TFG-based lasers. The 45°-TFG 
combining with a section of PMF and PCs acts as both the birefringent filter and the 
artificial saturable absorber. The wavelength of the obtained dissipative soliton is 
originally centered at 1068.39 nm. Specifically, observed by solely increasing the 
pump power, wavelength switching between 1046.51 nm and 1067.90 nm can be 
without tuning the PCs. Such switchable method avoids disturbance of polarization 
and achieves more precise control because of the absence of PCs adjustment. 
Moreover, as far as we know, the all-fiber pump-controlled wavelength switchable 
mode-locked YDFL by using NPR is reported for the first time. 
 
2. Experimental setup 
45°-TFG, as a novel fiber-based polarizer, has the characteristics of superior fiber 
compatibility, robustness and low insertion loss. They have been widely used in various 









[30]. Because of the high polarization dependent loss (PDL) in wide wavelength range, 
such tilted grating can act as a broadband fiber-based polarizer. The PDL measurement 
of the specific TFG used in the experiment was carried out by a home-made Yb 
broadband light source, a 1µm fiber polarizer, a PC and an optical spectrum analyzer 
(OSA, YOKOGAWA AQ6370B), which is clear shown in Fig. 1(a). The 
maximum/minimum transmission of TFG can be obtained by adjusting the PC, thereby 
calculating the corresponding PDL [31]. The measured PDL response of the grating is 
shown in Fig. 1(b). It clearly indicates that a maximum value of PDL reaches 32 dB at 
1014 nm, and the PDL exceeds an average of 20 dB within the entire operating 
wavelength region (1040 nm - 1070 nm) of the laser. 
The configuration of the proposed wavelength switchable YDFL is shown in Fig. 
2. The pump light delivered from a commercial 980 nm bench-top pump source is 
absorbed by a 35.6 cm Yb-doped fiber (YDF, LIEKKI Yb1200-4/125) through a 
wavelength division multiplexer (WDM). After the gain medium, a 10:90 coupler is 
placed to draw 10% light out of the cavity. A 45°-TFG sandwiched between PC1 and 
PC2 forms an artificial saturable absorber. The unidirectional transmission of light in 
the oscillator is ensured by a polarization-independent isolator (ISO). A 10 cm PMF is 
applied as the birefringent medium, and the corresponding filtering bandwidth can be 
calculated as 22.1 nm [23]. The pigtails are HI1060 with a whole length of ~10 m. All 
the fiber-based components in the cavity have normal dispersion. An OSA 
(YOKOGAWA AQ6370B) is used to display the laser spectrum. A 12.5 GHz 









combines with a high speed oscilloscope (OSC, KEYSIGHT DSO90804A) to observe 
the temporal waveform. The radio frequency (RF) response is monitored by a 3.2 GHz 
spectrum analyzer (SA, SIGLENT SSA3032X). 
 
3. Results and discussion 
As the pump power exceeds 277 mW, stable mode locking can be realized by 
rotating the PCs appropriately. DS operation centered at 1069.39 nm with a 3-dB 
bandwidth of ~13.58 nm is characterized by its typical steep-edge spectrum, which is 
consistent with the characteristic of ANDi lasers (in Fig. 3(a)). Fig. 3(b) is the output 
pulse trains with a 25.74 MHz fundamental repetition rate. As shown in Fig. 3(c), the 
corresponding RF spectrum indicates a signal-to-noise ratio (SNR) of 47 dB, which 
means that the pulse train is in a nearly undisturbed state. 
In general, the rotation of the PC can shift the transmission peak/valley position of 
the birefringent comb filter, thus leading to laser operation wavelength switching [22]. 
However, in our experiment, in order to replace the adjustment of PCs, the wavelength-
switching can be achieved by raising the pump power only. When the pump power 
raised to 301 mW, the operating wavelength switched to short wavelength, which is 
depicted in Fig. 4(a). The center wavelength at this moment is 1046.51 nm. The RF 
spectrum with a SNR of 48 dB in Fig. 4(b), meaning that the laser can also maintain 
stable mode-locking state at this wavelength. Continuously raising the pump power, 
mode-locking operation is disturbed. But when the increased pump power reaches 422 









back to the original long wavelength. As it is plotted in Fig. 4(c) and Fig. 4(d), the 
wavelength is centered at 1067.90 nm and the corresponding SNR is 53 dB, which 
means the mode-locking is more stable. Without changing any experimental conditions, 
the mode-locking can be maintained for a few hours. At this pump power, the average 
power reaches the maximum value of ~ 25 mW, and the single pulse energy is ~ 1nJ. 
The increase in pump power from 277 mW to 422 mW is accompanied by a slight 
increase in spectral bandwidth from 13.58 nm to 15.54 nm because of the enhancement 
of self-phase modulation. This spectral width increase is also a typical feature of DS. 
The difference between the two switching wavelengths is about 22 nm, which matches 
the bandwidth of the self-constructed birefringent filter. The obvious sidebands in Fig. 
4(c) are caused by the periodicity of the birefringent filter [32]. While the pump power 
surpasses 422 mW, the laser starts to lose stability as well as the output tends to be 
multi-pulses operation. It is worth mentioning that this is the first time to realize all-
fiber pump-controlled wavelength switching in NPR mode-locked YDFL. 
The wavelength switching behavior can be attributed to the variation of 
transmission peak position of the birefringent filter. The increase of pump power leads 
to the enhancement of the intracavity pulse peak power. As the instantaneous input 
signal of the filter, the intracavity pulse greatly influences the nonlinear phase delay 
which is the main factors of the filter’s transmission. After that, the peak/valley position 
of spectral modulation can be shifted to other wavelengths, resulting in the lasing 
wavelength switching.  









expressed as [33-35]: 
𝑇 = cos2 𝜃1 cos





sin(2𝜃1) sin(2𝜃2) cos(∆𝜑𝐿 + ∆𝜑𝑁𝐿) (1) 
where, 𝜃1 and 𝜃2 are the included angles of the two ends of 45°-TFG relative to the 
fast axis of PMF, respectively. ∆𝜑𝐿 = 2π𝐿∆𝑛/λ on behalf of the linear phase delay 
and ∆𝜑𝑁𝐿 = 2𝜋𝑛2𝑃𝐿 cos(2𝜃1)/(𝜆𝐴𝑒𝑓𝑓) is the nonlinear phase delay. In Eq. (1), 𝐿 
is the length of PMF and ∆𝑛 is the corresponding birefringence 𝑛2 is the nonlinear 
coefficient, , λ is the center wavelength, 𝑃 stands for the instantaneous input power 
and  𝐴𝑒𝑓𝑓 represents the effective fiber core area. In order to make the parameters 
close to the experiment, we set 𝐿 = 10 cm and ∆𝑛 = 0.00048. Since the PCs are 
fixed when wavelength switchable operation occurs in our experiment, 𝜃1 and 𝜃2 are 
set as constants. Because of the pump power elevation, the peak pulse power, which is 
the instantaneous input power 𝑃 , is greatly enhanced. The increase of 𝑃  causes 
displacement of the transmission peak position. These results are shown in Fig. 5. 
Under different pulse peak power (𝑃1 and 𝑃2), the transmission peak position shift to 
other wavelengths, thus affecting the operating wavelength of the laser. It is worth 
mentioning that the change in pulse peak power has no obvious effect on the 
birefringent filter bandwidth and modulation depth. The filtering bandwidth, which is 





is mainly determined by the length of PMF. And the modulation depth is mainly 
determined by 𝜃1  and 𝜃2  in Eq. (1). Furthermore, both the 45°-TFG and the 









locking in a wide wavelength range. One may note the lack of autocorrelation trace 
measurement across our experiments. We would like to emphasize that the 
unavailability of a 1.06 µm autocorrelator in our lab is the main reason. However, this 
does not affect the main conclusions of our experiments. 
 
4. Conclusions 
In short, we propose and demonstrate an all-fiber pump-controlled wavelength 
switchable passively mode-locked YDFL using 45°-TFG. The 45°-TFG forms an 
artificial saturable absorber with PCs, and combines a section of PMF to form an 
integrated birefringent filter to realize wavelength switching. When pump power 
exceeds the mode-locking threshold, stable DS pulse trains at 1068.39 nm with a 
repetition rate of 25.74 MHz are generated. The spectral bandwidth is 13.58 nm and the 
SNR is 47 dB. Increasing pump power without adjusting PCs, the operating wavelength 
is switched to 1046.51 nm. And increasing pump power further can make the operating 
wavelength switched back to 1067.90 nm. The interval of wavelength is ~22 nm, which 
matches the filtering bandwidth of the birefringent filter. Compared with polarization-
controlled wavelength switchable fiber lasers, the pump-controlled mechanism avoids 
unnecessary polarization state changes and can achieve more precisely controlled laser 
systems, which may have potential in applications such as optical integration system 
and biomedical detection etc. Furthermore, the 45°-TFG inscribed in PMF may feature 
more functionality than in standard single-mode fiber 45°-TFG. With its excellent 









can be designed in future research. 
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Fig. 1. PDL measurement system and the corresponding response (a) 
















Fig. 3. Measurement results of the laser under the pump power of 277 mW (a) Output 












Fig. 4. Measurement results at different pump powers (a) Optical spectrum under the 
pump power of 301 mW with the resolution of 1 nm. (b) The RF spectrum at 1046.51 
nm. (c) Optical spectrum under the pump power of 422 mW with the resolution of 




Fig. 5. Comb filtering spectrum of birefringent filter with different pulse peak power. 
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